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(54) SEMICONDUCTOR OPTICAL FUNCTION ELEMENT 

(57)Abstract- 

PURPOSE: To make it possible to lower end face 
reflectivity and to lessen the coupling loss with fibers by 
providing the above element with a mode conversion 
region having end faces diagonal with a direction for 
guiding light. 

CONSTITUTION: This semiconductor optical function 
element 20 is constituted by providing the optical 
function part 22 on a substrate 1 laminated with a buffer 
layer of InP, etc., on a semiconductor substrate of InP, 
etc., with a waveguide type light emitting element 2 
laminated with an active layer (core layer) of InGaAsP, 
etc., a clad layer of InP f etc., and a contact layer of 
InGaAsP, etc., and a waveguide 3 laminated with a core 
layer of InGaAsP, etc., and a clad layer of InP, etc., for 
changing a beam spot diameter in the state of plane 
waves to the mode conversion region 23 by inclining 
both at an angle 6 with the normal direction of the end 
faces 21 of the substrate 1. The beam spot diameter is 
expanded in the case of the guided light from the optical 

function part 22 toward the fiber to be connected. The beam spot diameter is reduced in the 
case of the guided light from the fiber to be connected toward the optical function part 22. 
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■ - 1 
H?mi*<OSeH] 

HWii X If/ttz <i tflHigiB £*tt Hb*> \£ - A g i Kit 
St*-**- *- K£»ffii£ 

[i»#Ji3] ^iettg^C^JRSitfcftfcfcSft^AM 
JgiSis I If/ 1 tz li BSStSSiS U ffl *« «9 31 i£& * * L T $ 
i£ft<0fcf-.i.g*3Ht KgJ&SBia 

&»7 r gS*« 3 E*8<0*3?#:ft«Sffe3^o 

•j.*? K#j£Sft*fS*«i ~4o^i*it^i*ii;E*£ 
»7<b*.-c i - 4 ovfft*' i «ugemw*« 

KlfCfifc&ff 1 ~ 8 OV»-f it** 1 St-EfSO-^iJH* 

*5fc<73<5lf#fiUiBoT&<MC^bS-tfTj£.&fi*Jfi 1 
~ 8 ov>-f*> 1 JSUEtfO^j&ttTtS^St^. 

it** 1 JgUE<8<0*8# jfctSES^?-. 
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i - 8 <o^-r i jg^ECo^^jtaffis 
i«9i«>#aiB4K9§] 

[0 0 0 1] 

[S«±03pjffl»»] **#U— 
Jfc*i«Si§, £*fc**»L/.:**Mb7fci8t*tt*4 » 

■c $ * itm &m=f- k m -r a . 

[0 0 0 2] 

[0 0 0 31. ia#(4, H 1 4 (a) <0«^aU7p-f J: 9 
20 Jg^3 0O«ttHi43 1 ©J8ffifc7 ,, '<4 5 to 

l£8&3 3 S:«ifiL/c^i£*3 4 »i> iS1*1MBilE*& W 
-4F*kL-CB«*n*. E«tt3 2«*W-4f3t*fWX 
Uv>2n«ttUi/:it)< l/— f3fel*»«»3 3 
jSLTv»4v»Efi«3 2l*i«-[il«r^*l-i 9 
y hg^ItJf^^feRWEt «t*r/*-f ^«S3 St* 
f£»L, SS3t3 6 i: L-TaiW^ixi^i:. SttBDU 
30 ioTEJt»ix4fia»"r**>%RW*3 7 (H*, T« 

Wife 3 7 li. «lT«|tq«<K4ELrHlfflH£fitt3 1 Kft 

:ti:j:i)fi«Sft4. So, 014 (a) U*3w>r#ra 
W-f-4 0lij£* f oTAWL-C*4^^1r^®iS<02j§ 
6i¥- 1 fTltlz%Zx.Z>\'>X. 5 0 JiAWJSB^ffl 
475? 1-77^^, 5 1 Ity 7 4 '«D9 5 v K88, 5 

[0004] zni j )ttB®t&imx.tz*m<*ytmte% 

*t UTIi. Wilf. ho;^^-X, 19 

89#8^31B, «25^> »1 8^\ SS 1 2 4 1~ 
] 2 4 21 (ELECTRONICS LETTERS 31st August 1989 V 
ol.25 No. 18 pp. 1241-1242) KEttS ixfj*«fl57£lfi«S 
8l***>io iO^jS^TtlgiffiSlli, 1 nGaAsgtS 
<OiS5«3»c«-^ 35^imi:55/« mO I n P S^gi&fcflM 

50 t)¥^^SffiRW^0. 0 6%«riifi!tL-Cv»&o -f^to 
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. . 3 

[0 0 0 5J g£©&»Sj£K#iitt. 015© 

flftf ©^aUfc^fclfc^ 3 OrtOfSfcSfcStf.* l-? 
W :7*#3?i£8& 3 8 * , T , ^<>f ^ffii5 3 5 9 0* 

d^fc-fb LX&tf>\zfScV2>ZblziL •)> JgffiRt^fcS 

&K3 8*&i£Lfc&l£5fc3 4»i?VM.*JgE3 5*'<b >° 

ttt>*>B.tttmizl o T Kit 3 it * ri f , RS*# 
3 7 0i3£^*««®Kftttft£iaKttLTijmi&i*f 

f*ft£|S0lc£C*/cAKtt7fcl*fE*t-»i"f, ttoTAJtftf 
- A i Kftfcf- A i OiiJ^to^i: J: oT^gJ ti 

[0 0 0 6] iOi dft&a#i£&*ft;ifc*i&#jt« 
gg^t LTIi, flUtf, il/? hDi^7V?-X, 

1 9 8 7*9^1 OB, SS2 3g, SSI 9-§\ S990 
-99 11 (ELECTRONICS LETTERS 10th September 198 «> 
7 Vol.23 No. 19 pp.990-991) iZftmstltz l>-*ftQ<l% 
IS****. iOU-¥Je»Sifli, InGaAsPffitti 

t\ jgfcKiKI*iIiOj£-fA«*9 0' *b7° -fh 
U »SMR*fflv»-fiw¥J^SI!iSEW^0. 2%*itJ£ 
L-cv^o ^*i»«i$eS««»c J: »j, MRjllg 

*ffiv*«vt*<fr4>ailt*>&n&M > ¥3 0 %S«i:WL 

JgffiStt*«r2«fJil±fi«LT^*o 
[0 0 0 7) 

iftmw&LXo t+zt&m] LfrLzwb. ito&L 30 

g * It If ft * f h SWB i ffr *g-f * £ i: * fljffl L T Rtt 
4s*gWrf&*g«ii*K«t2>i§-S-«JU 12 1 4 (a) , 
(b) K^L/cfc-SK, «Ei£©j8jS3fc 3 6 fc^BfltK 

tt-J-i**, <> L< li$fc&7 7-f/<5 5 £fflv»*#g5»*£> 
*„ "fftto*., 77<( /<tO«MU UVX^Sr^Sti" 
4^K)3Xh#ltS<541,W*4 0 Mi:, fi1Tfflv>*> 
u>Xii, SS£ft#Si*«:§££ft i FffiifcuSE»-*- <&"b© 

««t»3 3*»bmSti-4»'&-«i.«jt»-C«ift 40 
<ffijteffl?.fc ft* or, -fotfiSiSfts 6 ii^?E£ftJ$B 
tetftS, *§££ft#, '✓>/**-K7 7'f^tC« 

c * t if » $ na a#* «. »*Lft aaa * 
^r-ra#«#*«issoOTuj:*iif, a«ao«AKJ: 

✓<fco|t<&ffl£liaiir<0 3 d B bifr<X&ffiMizi& 5 
dBtil, at#$nrv^ftv> 0 j/c, Miaofl«i: 
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[0 0 0 8] «&aLfc&*<o#a£ifif&#£*Sfc 
B«)i<omi2flncjtffBL-c*i< ft***, rnxmrnm 

»m^)i:ft *^iSBa»S«ia«l //mSSr*!), i<0« 

#<ft>K 77'(At<!)iB^iDi:<v , K, 01 5 
Xlilvta^ h*«S5< ft»K U^<>2®5t3 6 

^ft^iSi£-e, *>o, aiW3fc^a«-*<>^«5>»-aiW-f 

O«AUJ:0> «ffiRI^*2*fm±fcfi«-e#/.:tt*t 

vmmiA&i&iztt^xitismvmitniji&Et Ltv 

*/i»tTft<, »3B*»t.<oai s Wjt**J8B»cSiEftfeietc 
**LT2 4* tlS^TLJi/:*!), 7 t 4 
fcli&iSffiUO £ 7 d B t , SIST© 3 d B »Zlf<T5&:§ 

*£id*#i,> 0 iOJ:dftS^eivf->^tt*B«i®^ 

uftstv^pga.'S'b*)*. 

[0 0 0 9] *^OiWl±, ^KXgSr«5t 

[0 0 1 0] 

[!Sa*fi?ifc-*-* **>©#£] «!!U«**i#*t 

s *i^5ttatggB-r ft te%**a»**»# u - Dt 

vMi««KS!3fe^ W » * ft f <03t«6feS-«fiS;-t * §6»<0 
A*tJSffii3 Xlf/itz li m WflSB U^iS jt<0 kf - i» g Sr 
gib*-***- KSSJ«i^««rfilx.*i:*U, :w-K 

Hft[zi1Lxmib\ztS:i1tzZ. b ift®.b-rzi><DX-& 

ho ^iz^m^mmm^a^x , 3t«itgsst k 

i%iz®:iitummx'*)&. 
[0 0 1 1 ] s£v>a, ^ISWU^***^*®!!!^ 

li, #3j^«±u^ffisnyL-jfe««6S6-rft*?*.*iei'§ 

tt U - *f 5£v>li igjfiKSife^ -f v * ft f O AW 
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ISMS i If/i /clitiiitJtiilc *) Sifcft*^ Lxm 
4J:^. iOS^I), T»K3fctS6t8B ili** 
[0 0 12] * WE3^le» 

[0 0 13] IK, TSUS*- K*»«*K«*ttA«« 

•c»fitnwa-cA4. toe*- Kjejwiwwaw* 

itojg&B^'bflJJSfc ico^iSKoaeffirt 

TIM lcgE<kS-a-C*- K«»«*»«LTUi'>. 
[0014] 

14, jpiB«0****5tO^-Aa**ft, 
tS6|gB*>t>«S$ it* 7 t 4 ;<;fr|S]-v(Oigjfcft<D*§-&li 

[0 0 15] Sfc, *- KMMM*tt»tfc£*l=J: 

*ifi»«S*mS«^*^S < "C# * 1 mUSt 
*v<4.*il*»<6>©aii3fc«> * 
ffl&tl* 1 %J-jLTWSW^**^'bil--& 5 /i mfiLt 

[0 0 16] $b\Z. »tt)B<OifieuK:»t/c, COrStt 
(Si 9 <>/<> K**»^««*»«v»3(r-f K««±, SflEft 
<DSS1!* «• Rilh L T **»*rtJ J» x * flj & * O 

[0 0 17] 3t«tt»*ttlkO*«E»<r*-r*»aEBffl 
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t4t»t:, 

. [0 0 18]*- K*»«*K**&MII»*tt«**£ 

^iS3fc<oe- Ags-sA-sc t3»*-c&-&o 

eHxtf*r«&«5tt§ja;£ (MOCVD:Netal Organic 
Chemical VaporDepositionXt4M0VPE:Metal Organic Va 
por Phase Epitaxy) ttfrffi^T, j£g«M-fiiRj£fiffl 
20 S i 02^^.^«-^«i>^ffitTiJ< /i»fCfi.v»0-C, 

<>& <<*»7*D-fe^**Sat «r&o IC, *R 
M 3 - MS OJglS B££ i m < KSS U X i> ELm& i %ft »: 
S<t|4©-C, f|pS147'D*^.*«Sai:<t4o 
[0 0 19] 

30 h e 

[0 0 2 0] <%mn 1 >H 1 11, 3f:»WU#&^<* 
jtta^SI : F-0-||J&WIS:^i-^tBia-C*4.o Ellicijv> 
T, #B8?f-f-l «43£«4-^L, iOSfil Ji^lgUli I 
n P^0?*SH*£«JtU I n P^<0/<v 7 T®«r»^ L 

0?fc«HtSB2 2 U 1 n G a A s P^fS&S ( = T 
)g) , 1 nP§0?7 7KSUJ;in nGaAsP4f 
<03>** KSS:WSL7t*iS»a»3fe»?-2 t, *- 
Kge84H#2 3 i;^Fffii£<Oi $ hgSr^b 
40 S^SJ nGaAsP'ii'WaTi^iyi nP«cc*<0 
K)g 3 t?:, SS10JSI2 1 

[0 0 2'l] C<Oi-9ifi5ftt«:*i'-&*IIMWIO-*iifl: 
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KI^OVf-A**? h 3^xBPM (Be 

am Propagation Method) 9 ft# L /da - * £ E 2 

KTF-f. fttrrffifflL*:A7>-*li, 
— 5 5 ftm) «-%«LT3 7Ji<0®^ 
**3. 3 8, nrSOif SS- 0. 3 // m, ?77Ki 
<0®lff$«-3. 1 7 t I. 3 7®<0<!g-$"fcfc*>6l 1 Ui3 
»7*SJi£K«®WG$- 0. 5 P m- 1 Q M miX%.itZ*£ 
/Jo ft, \£-J»X#v h&UK&mM-fimirbl/' 
e2U3jt4*ST = 7JS*>ffll®a<JS US i-Zm&iZ 

«i£W$gl*S|&»48WG»:B&«tsLv>o io 
10 0 2 2] El 2 »C J: ft If, ttJfcO#g!6*)*-> V*^* 
- K<0*iSK(iSWG= 1 //in, 0 = 7° 0«**!>$i£6eK 

xox&btiziawE.ttmti.. i7. 6% (eew;, 
•r*+) r«fc*a», znv-Azxv hteimuss 

E|ffK, -r^-f) ©#*!>#i£»r*#«bft, 0 = 7° <D 
iix&tus i %trFoJgffiRM33 (rasi+u, jr* 

OiMUfctttSatSI^ OK£^T0= 7' o^atcsfeje 

*3HbS*-&«i£BB3UJ:oT, Hftas^^asa-tS 
iltzl M m<0\£-AX#v hS*«SS®2 1 i:iv»T5/< 

m+izit^x 1 «TJU±^SI*^fi«SS-|iai-4 i t *<r 
ifc, #ifcft3UJ: KS!»^a2 3**e> 

or, 7 &*-g-tc3*ffi«i«-2Fffii$ui6-r 

U>XWSt«l), 777 h77^^tm<, 

«Jj£*W K* -5. S»C iSiftttS!feJt$*2<Oigi£B& 30 
75><b®ftigfc LTttJttLTt, lUJ^fc^ffi&tfco 

sv*. jg®2 n;WLT«i$fl}^feiS*»# (<? = o 

* ) , tt^fflffclil dBWTi:tiiti«-Cl4^ * 
HiSCTo^^3ttS^ ; ?-2 oriiKltSsfcf&tS-f */.: 
*i>tc»f*(:Lrv»aor, ^SMfffcSitari*, 0 = 3 

• gs^r^fesa^^t^urai: l d bwtict 

0 = 7* rt 2 d BSSt^UJt^T/hSvs -f 

ie*r#*i:#u, 7T^/<to^»^<>/j>g <-tz> <o 
it*«r#4 0 $iftKS!Sl^t&*2Oigi£ft0IS- 
5 ? mUl£lf * <itl^ mgSOifgr^ffiR^ ] % 
WTA«#<b*t*or, 5 fi mk Ltztg>%<Dm 

mni3<r> i / 5 gs<ofi^s«^r®RJW^b**ian 

LT, j&ifcKoaaofc/hS <rl 
ftft^JS^Ox -7 f- ^ ^ III U is v> r E^ttOgMff £ £ 

*HiS08i:J:*5W^lg:ia55!)*7!»«*#v»or, ftfi$t3 so 
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- hS*qF^3l<> L< li^5W3 - h&o®1ffsfc, RI? 

0 te<IS5£-r4it* I r&*o LtzWv 
T, «!*<0«-&li^K7*D-t^* t ] ^«»), 

T if** ««KS5lit^2 oaSfcSMS* 1 M 

mtLTt, KS»S|l*UJ:oT 1 O^mgSJt- 

jgfcf&oag* a«4* ftffrimr^, 77-fMiog 
2 d Bi:t4^i t?Infer*io iitli, 75 
y h7rW>'<03rSi4a#l 0 ,i rngfirabaoTN 

n«f7T'f-'<037St^t<<f 7 7-fAtW^ 

[0 0 2 4] <>*,%a„ «e*os«*fi«^tie*^ 
fc*4iti:j:i), t£*rii^r#^*>o7tfiv»Rtt 
^^na-fiit^r^iitiitB^^rob*. ffi, * 
-KgC»f|iS2 3<0«&H3Sr)gfiE1-*/ci<>tC(4, JSfc) 

[0 0 2 5] <St»W|2 >®3(i, 

jfe^nt^osijostswK-^-r^taiarfeio H3 

Kfcv>T, HJ&CTl<D0ir^L/:«fiE»^i:rai:a» 

«»&-f*o -f*to*>, ^JSCTO^-^jttSltSf^ 2 0 
II, ^« 1 ±izitc®m&2 2 iZ®tf>mieLS&M*i$1%&4 
iJ&tiLL. 5fe«Btffl2 2<Dp(ffl»C*- K?e»««2 3. 

2 3*K»tr, -fn-pjio*- Kge«sgiautf-A*tf 
v ^ss•s^•^bs-l^^►«i^fl3 > 3 s-Adawjgffi2 1 , 2 

tsa-fio 

[0 0 2 6] CWilCMtiitiaoTt, Utt 

CTi ra^/:Ot|B]«s<o«)*or{#*ii:*«r&*o 1«o 

*S8?«Sltl * * Sr 1# * i i *«r # 

1*5, AI*SSffi<0*- KgEft®«Ulft«tA:3liSiSe3 

[0 0 2 7] tfc, |Bl«<OJ?ti**?#-6/c*Uli, -£>-rL 
t*- KS«m««a2 3, 2 3 «-j6«tg86 2 2 U2«LT 
Kit*£-5lii^<, S4 i-S^t i -5 ccaa**i? a?iftS& 5 ^ 
i*r&&LT (,^v>„ cioig^ii, s?^«7*D-t^j- 
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[0 0 2 8] Mi:t/:> ra«05c5*«-1#*^«)t:ii, & 
r Uta*5>*«»»fi«»B3iB-C**«BB2 1 

*#gia<t < , a 5 u^-r * ? k, a#©* h «; v^? 

7-f K?4 *fcl±**» l>X7t>/I8W(l, 
^atK^rSjt^ftJC<t*J:di;«Sffi2 1 a. 2 1 a *» 

j£LT fc.fcv\> 
[0 0 2 9] <*J6W3 >0 6 li. 

@6(ziJ^r#fiSflF-tl Olil n P£<S*7FU 
;©I n P&«1 0±U I nP/'^Ti 1 1 VWMh 
tU nP'<777ll 1 3fc*S6£8&2 2ti 

WgB#*#t^- 3. 2 3CttInGiA 

sPTSt£B12, I n PO±8? 9 v KJg 1 3, InG 

a a s vm 1 4*«m^a®?n/c«^-cet4 

a 1 2 ©«iiw«w u/c » vmomm&m&vwi & 

KMl 6**K»t<b*U 3fe«l6S5 2 2Clip««l 7*<& 
Itfenrv*. *#!»«©»•&, 3fc«flB«B 2 2 lijfcigti 
fffcL-CWHrr* *-K*» 
^#2 3. 2 3li. WJg^lSjOgCSi-iitfc*)*^ 1 ^* 1 
*««»2 2*<E»*n-e , no*lH2 1. 2 1i:»oT 

»=£lE»ifc*K** t-c*¥*flfc * ©***»* ck»t 

[0 0 3 0] JiTF, 

SlttftStli&St^ 2 0«OSiii^ffi«-. 0 7-01 os-fflv- 
-cKB-fft. £©Sii£7Ji£<i. JS»©3*Kffi«fiX£«*& 

[0 0 3 1] 0 7 (a) JiipiBBI-C<>»), (b) JalW] 3 ? 
B01CA-A' &T^Lfc86#©»r00> (c) liB- 
B' «T^L/c»«-<Oilfffi0, (d) liC-C 
LfcaM5"©Wfli0T**o J^T, &0»cfcv>T (a)_~ 

(d) li, H«i::|i9DM#© s Fffi0iJ<*U f »rlB0fr*F 
1-o *"f, 4HHBH (b) - (c) KSt-T-MU, MO 
CVDftCiD I n Plfil 0±P«»7tI ] 1 fc «c 
4 I n PtfiSSi-*. 

[0 0 3 2] 08 CJ3V«-C. I n P/<?7tI 1 

ui:s i 028*Jttat/^, a«o*h'jv^7 

2 v>(.^ l 5 «rUfiS-f *o *v»-p. I nGaAsPOS 
148 1 2 , I n P O-tSB* J»K113,«itflnG 
aAsP«5=>??Ml 4*MOCVDttUJ:««* 

a* LT»JS«iji«r^fi£t4o :<o^ HB (a) - 

(d) *t,**i£iKS i 02^^^ 1 5±Uli)£ft 
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tticj££-*-.&o L^fcS i 02^** 1 5©<8©£v»fc 
3, 2 3 li$TfittUi&oTJ5 

»**|CJ:*«*attMW9 4 - 3 3. OPE 9 4 -2 
6 (1994-06) . 7 TSiRMOV 

p e c * & whimm: * m 

[0 0 3 3] 09«ciSV»-C, ffiSKtLT^'W 

S2 2 1:, aitO*h»;v^9 7-fl$«UJ:>?»2 7* 
■ It. BB (i) . (b) tcjjrti?^ 

•t*o 

[0 0 3 4] ftlfclC. 01 0»U*v»T* Au/ 

UJ: 01510 (a) i -9 tc/<y-->^ r L - C, pS 

20 «] 7*J&)£1-&. tt. SllB©ffi£±* 

**#3t«i6*^- 2 o *rfi*ja> f>a##©s«i o*ffl 

v^ci d<t0t?^L/:* t , fSB5U::(iaii?©BJ&#©7 * 

-?£T<>*v\, Sfc* 0Tli^B&L^:* t s flJxIf. Au 
/P t /T i ^O&JRS-^^^LT^fil 0O*ffii: 

[0035] :«J;^:, 07-01 or^Lfcliit* 

4:*^fe8E*>&ii:'5t<, * - KMMM 2 3 * *a-fk 

/c*«#3t«fi6fK^-2 Oli, HJ(6W)2©03 U*tfc* 

2 3, 2 3 K<>&A$*t4«afc&ot>**©TN <- 
K?:&SS&Ui3»t**i£3fc©« l IX*4 ? *< ttffl^«r» 

[0 0 3 6] JSLbOKnTtt. *- KWMW2 3. 2 

40 i|i^fl:ifeiei>S«imS©a<:«7'a-fe^»i:|gi:i;LJt* t . 
t-KWM2 3, 2 3fc*m»2 2tH«i:ft« 
SiJ^lcf^OottTfca^^o C©»-&li. Sfeffifife 
862 2tf37tJS<'StlUS«6*li:mS£* t aA?*T-4Jt©> iB 

[0 0 3 7] Sf,i:a±OH?9TB, *-K«»ffitt2 
3. 2 3©e-A*#» h«**4fc**6»«»i: L 
T, jgiSEK«S* f ffl®^l^«:S:*>*WI*^L/c* t , 01 1 
50 (a) - (d) IC^-f J: ■5UBtS0rtf#ifctt1S*&A. 



(7) 
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• - . .. 11 

[0 0 3 8] 0 12 (a) - (d) J: ■? 

K % K£«®iS2 3. 2 3<0&fcg&i>Ifc % «6^[6) 

■fiztlfss&tttztb. 7 7^^t0^gft*«-lfDi: 
[0 0 3 9] II:, #HJSffilTldU f§tt^ 1 2 */<77 
rSti® 1 2 wiS^tc, Z<omw§ l 2 t=Jt-<T/<> K¥ 
1CJ: 13. 7fc*M K«l 8li*i$3tOI6»*|»jtLT*« a 

[0 0 4 0] J /w, *n»ffiiTii. >; ? vfa«isss«3i 
Lfc#, BipaLftv'*, (371) fflssostu 

1 » v» »j » ?B*ttHM*iiu u i urB&BBBBBa ? 

[00 4 1] ££T01 6*fflV>T, *- KKBBB2 
3^01 1-01 3 Utf L^«8®F*i-C«iftBiliS*^'* 30 

[0 0 4 2] 01 6i:Hv>T, 3fe«^8B2 2 OftiSifgff 

2 4 isitf*- KBBffJft 2 3 O^ifilS 2 8 tt, rV<-f 
^.3S8® 2 1 t:*>TLTMK>UBfi£S*i-Cv»* 0 ifc, miSi 
B2 8litt»ffirtK»«B«**Bfl:LT^*. %MBB 
2 2 5j><b<Oigi£7fc2 6IS, K2C»««2 3 *:fl-LT « 

;*J8ffi2 1 -9>e> till} Six, #7 7"f'<5 0^A2> 
wWt^5gifi3t2 6I±, *-KK«fU*2 30 

S4nfi^9. HlMS*i4*«. fM-f^»K2 1UttLT 

£##2 5(i7t«fiESB2 2^e«*r» 

»*3i*fi«t4, i-«cte*», MttMllC 14BBKM 
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BE»*fi»©B*»*UJ:&, JOSSER!*;?*:® 

[0 0 4 3] Sfc, HRC¥**U-Hr***#iMBB 
li, B2^t>M^i7 IcSSBBRS^sii 1 8 »= L 

**-*\ m&mwsv mfiLkufro-cii car as 

JBKjfcBMRttsg 1 %£lT* t feb*i&. L*»U #31* 
U-**#*flOi*BB«>B«B«S«: 5 ^ mt;-t4 t , l 

[0 0 4 4] -f-ur, KK*fflft2 3-Cli, 3Sift7fe 
2 eii^FBifi^St -E-<0^-Ag*«ge*?*<7>-C, 01 4 

[0 0 4 5] i/:Si:, *- KRMW2 3 0MB2 
8-CI43Jift3fe2 6 li¥ffiift<OS i-E-<oe-Aa*«|eto 
»), 2ja7fe2 9 k Lrtttt$#t4, ftcT, 3t«tEfiS2 

30 o-C7t *v<5 0<O=7r»5 2 UAIt»<l*. 3?ifi«jt 
tffSElW-t %*>*>r;< 4 ^3g®2 1 KttLTSiEftfc-g- 
Uli, ^r-f/^tO^JS^S- 1 d BtlTlc-i-*£ t** 
«ifiS6 2 8*«SgE2 1 lZttLX$H*>T-$>Z>0 
^-AJg*li^W«)*«-to-f^«cSlfC, « = 3 
° ea*T*<bi*«fflJ2 i i:JtLTftfift)»^i:iUJ|S| 

2 dB«JS«r#*it*«-C&, 7T-f^<i<0|S#a^«r 
tt^CTJ: 0 <i"*i t**T#* 0 ft, ^43FiB 

[0 0 4 6] <^J&W 4 >0 1 7 

ftJ3. ^*JfifRI^S»?L^<-r4/c*!)tc, ^IliS 
CT«Oifi.?gic$fejr*, N jfe1\ 0 1 8Utt*W^RItS2 X 

[o o 4 ?] 0 1 8 ufc^t, pmn^e o«(«*o^ 



(8) 
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• - 13 

0liA7J<il«>$fcSJt:7T^<6 1 &±V6 2*bX 

10 0 4 8 J XSI^7 7^A6 l4»feAML*:A 
14, dfi#»)»i8ttt6 6 a**»L.fc&* &i£K6 7a* 

/<6 3 KmUS-**-****- 1 *' «8t£A»6 8 U*at* 

i£8&6 7 atf><bf77tl*«&&A8»6 8 I- £ »)£E84$ 
n, 9 a^t/fl**^^? 0 a *i»8iL.-Cffi 

J«fl)5fea7r -f'<6 3 KUiltSfti. 5t87 7 

«-i£AU4»t*tlf&v» 0 «W6 7 a*fc© 

6 4umw*n*. ::t, a*«0«&K6 6 a&tfjg 

i£&6 7 a t» mS£aXSB6 8. 7 1 ORW 

igifgSS 7 2a **K»t & ftf n * » - <a-¥-iS4*7c;i8*ISs 7 
2 a*«U— fffciS* Lfcv** 7 K-f KJi&JSiBS: 
&im&-&Ex$> •) - 3* i±f * 6 0 OJgffiKteRfcf 

RMfl*5° tt±C+*i k*»tr§*v». :o/:6> a 30 

14 5' -C*0. Wdtftfcl* 

|. - . y Dy-I/i'-X 1 9 9 4#2fl> I! 

m2-%, &2 1 8-2 2 IK (IEEE PHOTONICS T 
ECHNOLOCY LETTERS, VOL. 6. NO. 2. FEBRUARY 1994. pp.2 
18-221) Kffi18 * ft/- fc©**#*f 

[0 0 4 9J dftCtfL-C. H 1 7 IC^Lfci "7 U, £ 
Rltffl2x2*o*/<-Jte.x>r vf«1fc*«»SL/.:*S « 
tt«0**<**«lll*^8 0«i, HI 8 U75L/ctt*W 

tit-i-C, |ft**»)*iS«&SI5RWl , RW2Sri*V»-CV>-& 

©igi£ft7 3a. 7 3 b KS»««2 3 . 

2 3*KtfC^&*.A t *B^i"-5'o :0*- 2 

3 \z 1 *) , SJfeW 1 - 3 "Ca^fc © i: RlfllWfiJiSffiSW 
s?, ftlS-&fa^> ffiot, AffiSt 
li:gS?n4 7 7-f^li, 114 7 5 * h7T-f><8 

1 ~S 4 5r«ffli-4rt*<-C&4o Si-. %%4'J**> 
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66a. 66bli. mWHtOibV <-fbtz 
©U, *Z>'<<*Z<e*®xmJX^tZo Wilf, HI 
8 l-* L /-£Rt«2 * o jfc* 4 ? * 6 0 ©t**W 
tUtgLi'nminCJtLt, |»*« SB RW 

1 RW2©£©*88#I*&4 mm-C<fe£o -ft»-*tL 

[0 0 5 0] SI 9RtfH2 01*. HI 7K7FLfcmtt 
JgS#JS«r!£7cL^@-C*)4. HI 9TIi. *- Kg» 
^1S2 3©3lifcS8 7 3 a. 7 3 b *h tBML/- 2 o©ft 
li, bf*4#fee-AfW')44't*<lW7? 
-yV7T^/<8 3, 8 4^AWt4. 20©3J 
i£ft7 3a. 7 3 b*«*<WCflia-C**BBl 9©id 
frift-g-Uli, 3?i£K7 3 a, 7 3 b ©&J8® fc *ti-?ti 
KKfa-i-Z>7 7 'J YVt4'*% 3. 8 4 t<0S»li. * 

n-r^e t «v»ii*«**M» ft * .t ? i-pj 

^ft&o 

[0051) H 2 0 <i* 77^77-f^83 K ASti" 
Kg£&®lS2 3<0^i£»7 3 a 75-;f77 
^<8 4 Kge»®i*2 3<0»iSB7 3 b 

gE»®JS2 3<*>j£l£B&7 3 a<oe-i.l£* t| 5ft^ *) <)> 

KSe»^Bi4 2 3WigSia7 3 b<Otf-Ai£*«»)ftA* 
/h? < 7 1-^ i-ftte**- K*»**o**»- 

(. 77 -f;<8 3, 8 4 ©48^*32 OUfti^KMA. 

H 1 9 <r>tk%<r> £7%7t4'<&3, 84 ©Jgffi**^ L 

HBtiitCioX, 7?»V77-f/<8 3, 8 4^ 
[0 0 5 2] J^±, *%^0»ig*^S6f«l-^v>TSlW 

WiLlf, »^<il nGaAsPM^i^ 
<, G a A s 4f ««!0*IMMt*oT<). ^> 

[0 0 5 3] 



(9) 



13BS¥ 8-211342 



•k 7 t -f ^< t ©e^a* t i:fiajt * ; t 

[0®<O8Mii*i&<8] 

ins] ^wic^-B^^eetjg^oscguoius 
m*i-«m0-c**c 

[0 6] *!6WfC^**««:5fe«|||^WS^HUgiJ<0 

[0 7] 0 6t:*L**$#5fc«lit$^*fmi-*-fi » 
^ffi«r^-r^*XgOEl-C*o-C, (a) I4¥00> 

(b) itmw-mmizA-A' 8.-emLtz&>fr<ommm. 

(c) iirac<B-B' &-cmLtzm>fr<omw®. 

(d) nrai:<c-c' si-c^L/ceB&<o^MaT* 

4. 

[081 07 (a) - (d) \zm\~tz&Ufr<D'k<0&* 

IS I C i5 « t ■& ¥ 0 0 & iff ffi 0 -c & * o 

[0 9] 08 (a) - (d) lzmLtz&M&<Q&f>&*> 

[01 0] 09 (a) - (d) \zmLtz&Uft<r)'k<0& 30 
tig K a »7 & ¥0 WA t/»r0 0 -c* * o 

[01 1] *H^U#**««:*«fiE^OS^giJ<0« 
«SWI«r^1-0-C*oT> (a) I4¥®0, (b) «4|S1¥ 
00ICA-A' *a-C^L^g6«-<O»fE0s (c) 14 C 
<B-B' Hr^L/j6B»OIK00, (d) iaisgi:<c 

- C «T*^L7tgB»-<O»f00-C*-5.o 

[012] *5S^U#*¥i3#7fc«t6S^<OM»C8l|OS? 
J4ttl*^1-0-C*oT, (a) I4¥®0, (b) tilBJ^p 
00IZA-A' «l-C^L/c8C«-<O»fM0s (c) «4I^C 
<B-B' H"C^L/;S6^OlBf00, (d)liraC<C « 

- C «-e^Lfc§B#<OBIr®0T**c 

[013] *&w\~%z>*m*imteft=f-<r)itz^.\zm 

ommWim-tBl-C&iX, (a) I4¥00. (b) 14 
|5)¥E0KA-A' &TjpL/:&IS0-<O»r00, (c) <4 
mt< B-B* &"C*Lrt:g&53'O&/r00, (d) 14(^1: 
<C-C S"C^L/:eBfl'<OBf00-Cfc*o 
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[014] ©«ji**-r***^3tiat6*^-^K*CT«r 

/TtiTftot, (a) 1477 y F77-(/<tggt4 

*&*<D&a&«j£gu (b) ttjfes^T-fMtg&i-aig 
-&«Da^ffl«0-c**. 

[015] *#i-*¥$#7tt£iE3g¥o 

t -e-*uc«& i* ii i 7 t 4 i ^i-«s&«j£0-e 
[016] *^t:^4*aH*^«t6lR^i:-?-nuS« 

[017] #ft«i:ff«^«i|cjb«ttX?-OS^:8UO|| 
J£e9*^-f¥®0T-*ot\ £EI*g22 x 2 ?o*/<- 
5fc;W 7^»:afflL/c«-&<o«B&«iS0-c*«>. 

[018] &*<0£K*H!2 X2 *o y * 

owLB&mm i mi- ¥00 -c h h o 
[0i 9] 0i 7ic^L*¥$#?ttaft£ : f<amwig0 

[02 0] 01 7 K^Lfc¥*<*7fcttH3&¥Otiij*J80 

l 

2-3liK»S%7fe^¥. 

3 -igfcft, 

4 -»ttnajfc4i«». 

5 •••!»*« *)*gi£B&, 
1 0- I n PIS, 

1 1 — I n P;<v 77l, 

1 2 — I n G a A s Pr£t£®» 

13-1 n P±6B? 7 y KJf . 

1 4 -1 nGaAsP3>^ h®. 

1 5-gjR«#j£JUBS i 02^**. 

1 7- P m®> 

1 8- I n G a A s PJt^f-f K«. 

2 0.8 0 ?fc*8&St3\ 
2 1 ••••rV<W^Jgffi, 

2 1a —JSffi, 

2 2 -ftttttl*. 

2 3-*- Kg&®&, 

2 4 -*ifi*SS, 

2 

2 6-#ifc3fc. 
2 7-38, 
2 S-«i£6&, 

2 9-39*. 

7 2a, 72b -¥j&<*7feii*glS, 
7 3 a. 7 3 b -ft&ttttlk. 



(10) 
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(a) 



(b) A-A 




(c) B-B* 




(d) C-C' 
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(b) A-A* 



(c) B-B' 




(a) 



(b) A-A' 




(c) B-B' 



(d) C-C 
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1 6] 
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m 7) 

It 7 





70> I"*- V*<0$£§ 

(72)&f8# 1*? (72)%^# B£ 

**«a##mjitsB*ai i t§28o««!s *jec*iifl-#iti*e*si i tb2so*m 

(72)&W# #± 



